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Abstract 
Well–defined and nearly monodisperse one–dimensional (1D) Er3+:Gd2O3 were successfully synthesized through co–
precipitation technique followed by a subsequent heat treatment process, without using any kind of organic capping regent, fuel, 
surfactant, membrane, template or catalyst. Ammonium hydroxide alkali solution was used to precipitate the resultant product by 
adjusting the pH to be 7.  The dopant percentage was optimized at 5% to avoid concentration quenching. The cubic phase 
Er3+:Gd2O3 nanorods was obtained by a calcinating the as–formed hexagonal phase hydroxides at 750 °C for 1h. In addition, pure 
gadolinium oxide nanoparticles were produced by following the above mentioned experimental procedures. The as–formed 
hydroxide and calcinated Er doped gadolinium oxide nano–phosphors were then systematically examined by using powder X–ray 
diffraction (XRD) pattern, scanning electron microscopy with energy dispersive X–ray (SEM/EDX), high–resolution 
transmission electron microscopy (HRTEM) and photoluminescence (PL) spectrometry. The results were discussed in detail.  
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Luminescent nanomaterials, a newly emerging field at the frontier of science, provide challenges to both 
fundamental research and breakthrough development of technologies in various areas such as electronics, photonics, 
display, lasing, detection, optical amplification, fluorescent sensing to biomedical engineering and environmental 
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control (Geo Rajan and Gopchandran 2009). The production of phosphors for industrial applications requires 
chemical homogeneity, particle shape and size control, narrow particle size distribution, free of defects materials, 
etc. Both the particle size and morphology influence the luminescence (Antic et al. 2010).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Powder X–ray diffraction patterns of (a) pure Gd(OH)3; (b) Er3+:Gd(OH)3. 
Many lanthanide–doped oxides generate visible light in fluorescent lamps and emissive displays. Excitation of 
photoluminescent phosphors takes place using ultraviolet (UV) photons–generated by a discharge in fluorescent 
lamp or plasma display panel (PDP) and high definition television (HDTV). Cathodoluminescence, 
thermoluminescence, and electroluminescence of phosphors are also important for cathode ray tube (CRT), field 
emission display (FED), radiation detector, and electroluminescence display (ELD) applications (Yen et al. 2007). 
Novel optical properties, such as luminescence from new emerging sites (Mercier et al. 2004), prolonged 
luminescence lifetime (Meltzer et al. 1999; Schniepp et al. 2002), anomalous thermalization (Liu et al. 2003; Liu et 
al. 2002), upconversion luminescence (Matsuura 2002; Patra et al. 2003; Yan and Li 2005) long range interaction 
with two–level systems (TLS) (Meltzer et al. 2001; Meltzer et al. 2002) and improved quantum efficiency (Kompe et 
al. 2003; Riwotzki et al. 2001), have been observed in RE–doped 0D and 1D nanocrystals. So far most reported 
studies are conducted for Eu3+ and Er3+ ions. Lanthanide oxides are commonly used fluorescent materials in the 
lighting industry (Bhargava 1996; Tissue 1998). Particles with different emission wavelengths can be easily obtained 
by controlled doping of lanthanide ions into an appropriate host material (Gordon et al. 2004). The varieties of 
morphologies, monodisperse zero–dimensional (0D) nanospheres have been widely studied due to their potential 
applications in medical diagnostic and therapeutic fields (Ai et al. 2009; Kumar et al. 2009; Huang et al. 2009). 
Moreover, the compound containing Gd3+ is a known contrast agent for magnetic resonance imaging (MRI). 
Monodispersed RE doped Gd2O3 nanospheres with size less than 100 nm is very required to function as both 
fluorescence and MRI labels in biomedical field (Nichkova et al. 2005; Li et al. 2008). Many ultrafine rare–earth 
oxide powdery systems have been investigated in order to study the relation between their luminescence efficiency 
and particle size (Goldburt et al. 1997). Therefore, in the luminescent material field, it is important to investigate the 
correlation between structural and morphological properties and optical processes. However, the influence of doping 
ion concentration on particle size distribution has not been well reported yet.  
In an attempt to produce various inorganic oxides in the form of isotropic or anisotropic nanostructures, the co–
precipitation reaction has frequently been adopted due to its simplicity, high efficiency, adaptable to mass–scale 
production, environmentally friendly and low cost. In this work, we report that of high–quality (single crystalline, 
monodisperse, well–shaped and pure phase) Gd2O3 nanoparticles and Er3+:Gd2O3 nanorods were prepared by a direct 
conversion method of co–precipitation of mixed nitrate solutions. Although subsequent calcination was necessary 
for the synthesis of final crystalline products, the whole preparation can be performed at atmospheric pressure 
without the additional introduction of any other kind of catalysts, membranes, organic capping regents, fuels, 
templates or surfactants and etc., to synthesize the samples although in most of the other preparation techniques, 
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used catalysts, membranes, organic capping regents, fuels, templates or surfactants and etc.  These kinds of agents 
would cause environmental problem and contaminate the surface of rare–earth oxide nanostructured particles, 
limiting their applications (Pinna et al. 2005). The as–formed and calcinated products were then systematically 
characterized by using powder X–ray diffraction (XRD) pattern, scanning electron microscopy with energy 
dispersive X–ray (SEM/EDX), high–resolution transmission electron microscopy (HRTEM) and photoluminescence  
 
 
 
 
 
 
 
Fig. 2. Powder X–ray diffraction patterns of (a) pure Gd2O3; (b) Er3+:Gd2O3 at 750 °C for 1 h. 
(PL) spectrometry. The present work reveals the preparation and structural investigations on pure and Er3+ doped 
gadolinium oxide nano–phosphors. 
2. Experimental procedure 
2.1. Synthesis of pure and Er3+:Gd2O3 nano–phosphors 
All chemicals were used analytic grade reagents without any further purification. In a typical synthesis, an 
appropriate mole percentage of gadolinium nitrate chemical was added to 100 mL of double–distilled water. The 
mixture solution was magnetically stirred at 60 °C for 1 h to obtain a homogeneous clear solution. After 1 h vigorous 
stirring, a freshly prepared 0.1 N of ammonium hydroxide buffer solution was added drop–by–drop to the aqueous 
solution to precipitate the products. pH of the precipitating solution was adjusted to be 6–7 through multiple washing 
by double–distilled water. The resulting white precipitate was filtered, collected and finally dried at atmospheric 
condition about 24 hours to form gadolinium hydroxide (Gd(OH)3) nanoparticles. Subsequently, erbium doped 
gadolinium hydroxide (Er3+:Gd(OH)3) nanorods were also produced by following the same technique’s procedures 
by using gadolinium nitrate and erbium nitrate. The dopant was maintained and optimized at 5% to avoid the 
concentration quenching. Pure Gd2O3 nanoparticles and Er3+:Gd2O3 nanorods were obtained for characterization 
studies by calcination of corresponding as–formed hydroxide precursors at a temperature of 750 °C about 1 h. 
Table 1. Crystallographic details of Pure and Er3+ doped Gd2O3 nano–phosphors. 
Products Pure Gd(OH)3 
as–formed 
Er3+:Gd(OH)3 
as–formed 
Pure Gd2O3 
@ 750 °C for 1 h 
Er3+:Gd2O3 
@ 750 °C for 1 h 
Phase Hexagonal 
α=β=90°, γ=120° 
Hexagonal 
α=β=90°, γ=120° 
Cubic 
α=β=γ=90° 
Cubic 
α=β=γ=90° 
Estimated lattice constants a=b=6.302 Å, 
c=3.765 Å 
a=b=6.235 Å, 
c=3.606 Å 
a=b=c=10.805 Å a=b=c=10.810 Å 
(JCPDS) lattice constants a=b=6.329 Å, 
c=3.631 Å 
a=b=6.329 Å, 
c=3.631 Å 
a=b=c=10.81 Å a=b=c=10.81 Å 
Space group P63/m P63/m Ia–3 Ia–3 
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2.2. Instrumentation 
Powder X–ray diffraction measurements was performed using Ultima III Rigaku X–ray diffractometer at a 
scanning rate of 0.02 °/min in the range of 10°–80° with Cu Kα1 radiation (1.5406 Å). The morphology and 
composition of the samples were inspected using a scanning electron microscope (SEM FEI Quanta FEG 200)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. SEM images of (a) pure Gd2O3; (b) as–formed Er3+:Gd(OH)3; (c) Er3+:Gd2O3; (d) EDX micrograph of Er3+:Gd2O3 at 750 °C for 1 h. 
equipped with an energy–dispersive X–ray (SEM/EDX) spectrum. A high resolution transmission electron 
microscope (HRTEM) (TECNAI G2T30, U–TWIN) with a LaB6 filament operated at 50–300 kV was 
used.Photoluminescence (PL) emission spectra were recorded with a Perkin Elmer–LS55–Luminescence 
spectrometer equipped with a xenon lamp as an excitation source. All measurements were performed at room 
temperature. 
(b) (a) 
(c) 
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3. Results and discussion 
3.1. Structural investigations 
Fig. 1 shows the powder X–ray diffraction pattern of the (a) as–formed pure Gd(OH)3 nanoparticles and (b) Er3+ 
doped Gd(OH)3  nanorods. All of the reflections of the XRD patterns of the as–formed Gd(OH)3 nanoparticles and 
Er3+ doped Gd(OH)3  nanorods can be easily indexed to a pure hexagonal phase Gd(OH)3 with calculated lattice 
constants of a=b=6.302 Å and c=3.765 Å and Er3+:Gd(OH)3 with observed lattice constants of a=b=6.235 Å and 
c=3.606 Å (JCPDS no. 83–2037), indicating the formation of single–phase nature.  
Similarly, in Fig. 2 the XRD pattern revealed that (a) pure Gd2O3 nanoparticles and (b) Er3+:Gd2O3 nanorods (750 
°C for 1 h) was obtained. The positions of the XRD peaks show good agreement with those of the cubic phase  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. TEM images of calcinated (a) pure Gd2O3 nanoparticles; (b) Er3+:Gd2O3 nanorods at 750 °C for 1 h. 
Gd2O3 with lattice constants a = b = c = 10.805 Å and for Er3+:Gd2O3 with lattice constants a = b = c = 10.810 Å 
(JCPDS no. 11–0604) (Hai et al. 2004). The diffraction intensity of the products is increased with calcination 
temperature due to better crystallization. The cell parameters of cubic phase were calculated according to the 
equation. The unit cell parameters shows an increased value do to the dopant of erbium which possess higher atomic 
radii.    
( ) 2 2 2hkl
a
h k l
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where d is the interplaner distance, h, k and l are the crystal indices (Miller indices), and a is the lattice constant. The 
average crystallite size was estimated from the broadening of the corresponding XRD peaks using the Scherrer 
equation: D = 0.89λ/(βcosθ), where D is the average crystallite size, θ the Bragg angle, λ is the wavelength of the X–
ray radiation (λ = 1.5406 Å) for Cu–Kα and β is the line width at half–maximum height after correcting for the 
equipment broadening (Meltzer et al. 2001). The estimated average crystallite size for pure Gd(OH)3 to be 64 nm 
and for Er3+:Gd(OH)3 to be around 43 nm. The increased particle size may be due to the presence of hydroxide 
phase in which there is a coalesce phase which shows an increased particle size. The average crystallite size for pure 
Gd2O3 and Er3+:Gd2O3 was calculated to be in the range of 6 and 16 nm respectively. No additional peaks of other 
phases have been found in the XRD analysis, indicating that the products were completely transformed into cubic 
phase Gd2O3 and Er3+:Gd2O3 at 750 °C for 1 h. The crystallographic details of as–formed and calcinated samples are 
listed in Table 1. 
3.2. Morphological investigations 
The typical SEM morphologies of the calcinated pure gadolinium oxide (750 °C for 1 h) phosphors are shown in 
Fig. 3(a); reveal that the product mainly consists of irregular particle–like nanostructures. It can be seen that these 
nanoparticles are randomly oriented and size distribution are not uniform, which is consistent with TEM 
observation. As–formed Er3+:Gd(OH)3 nanorods shown in Fig. 3(b). The SEM picture shown in Fig. 3(c) reveals the 
surface morphology of the calcinated Er3+:Gd2O3 nanorods (750 °C for 1 h). It is clearly observed that the pure 
gadolinium oxide has nanoparticle shape whereas Er3+:Gd2O3 phosphor obtains nanorod shape. It is evident that 
Er3+:Gd2O3 phosphor is entirely composed of uniform nanorods whose lengths are to be around ~500 nm. Energy–
dispersive X–ray spectroscopy analysis (Fig. 3(d)) shows the product contains Gd3+, O2– and Er3+; no other 
compound is detected, indicating the final product confirms the composition at 5%.The low concentration dopants 
of Er3+ ions donot influence the structure and morphology of Gd2O3(Hai et al. 2004). 
The structure and morphology of the products were analyzed with HRTEM measurements. Recently, Francesca 
Mangiarini et al. reported that scanning electron microscopy (SEM) and transmission electron microscopy (TEM)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. PL emission spectra of (a) pure Gd2O3 nanoparticles excited at 210 nm; (b) Er3+:Gd2O3 nanorods excited at 230 nm. 
analysis of the Gd2–xErxO3 nanocrystals showed that the nanocrystals obtained by propellant synthesis were very 
porous with an open microstructure (Francesca Mangiarini et al. 2010). Whereas, we have produced pure Gd2O3with 
nanoparticle morphology and Er3+:Gd2O3 with nanorod morphology by co–precipitation technique at low 
temperature.  The very fine powder samples dispersed on the copper grids coated with a larger amorphous carbon 
show (Fig. 4(a)) the nanoparticles morphologies of pure Gd2O3, which is agreed with the result of above shown 
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SEM images. Pure Gd(OH)3 is agglomerated, however, when phosphor was calcinated at 750 °C for 1 h, the 
agglomeration was reduced with increase in grain growth.  
Pure Gd2O3 retained its parent’s morphology even after the calcination process at 750 °C for 1 h. Fig. 4(b) shows 
the TEM image of Er3+:Gd2O3 nanorods respectively. It is important to note that Er3+:Gd2O3 nanorods also inherit 
their precursor material’s morphology even after the heat treatment, remarkably with no sign of aggregation through 
the calcination process. Despite the maintenance of anisotropic particle shape, however, the structural 
transformation of nanorods from hexagonal to cubic phase will require numerous defects associated with the 
presence of microstrains. Fig. 4(b) which exhibits nanorods are relatively straight, smooth and uniform in diameter 
~100 nm and length varying from 100–500 nm. 
3.3. Photoluminescence spectra (PL) 
The room temperature photoluminescence emission spectra of calcinated pure Gd2O3 nanoparticles and 
Er3+:Gd2O3 nanorods at 750 °C for 1 h were shown in Fig. 5(a) and Fig. 5(b) respectively. It is well known that the 
lanthanide oxides are ideal hosts for photoluminescence and pure lanthanide oxides seldom radiate luminescence 
according to luminescence theory of rare–earth atoms. A series of broad emission peaks were recorded during the 
photoluminescence experiments. The pure Gd2O3 and Er3+:Gd2O3 emission peaks were observed by excitation 
wavelengths of 210 and 230 nm respectively. It can be seen that in Fig. 5(b), an extra peak (492 nm) when compared 
with Fig. 5(a), which may be due to the influence of dopant effect. The emission spectrum (Fig. 5(b)) consists of a 
strong and broad UV emission peak centered at 357 nm along with a weak visible emission toward 275 nm. The 
green emission (357 nm) band may attribute to recombination of a delocalized electron close to the conduction band 
with a single charged state of surface oxygen vacancy, according to Wang’s proposal (Ning Zhang et al. 2009). 
4. Conclusion 
In summary, nanoparticles of pure Gd2O3 and nanorods of Er3+:Gd2O3 were prepared successfully by co–
precipitation technique. The structures and size of the nanophosphors were investigated by means of powder XRD 
and TEM measurements. The hexagonal phase of hydroxides was transformed into pure cubic crystalline oxide 
phase obtained in both cases, pure and doped Gd2O3. The morphological analysis confirmed that the obtained oxide 
powder has rod–like nanostructures. The composition percentage and the presence of Er3+ dopant was confirmed by 
EDX micrograph. The obtained results showed that the heat treatment increasing the particle size, reducing the 
emission intensity. Er3+:Gd2O3 nanorods are expected to have potential applications in advanced optical devices. 
Further investigations on preparation of the other rare–earth dopants with Gd2O3 at various percentages are in 
progress. 
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